A theoretical investigation of the lowest electronic states of the molecular ion SiN , up to 140000 cm -1 , have been investigated. The permanent dipole moment, the harmonic frequency ω e , the equilibrium internuclear distance R e , the rotational constants B e and the electronic energy with respect to the ground state T e have been calculated for these electronic states. The comparison between the values of the present work and those available in the literature for several electronic states shows a very good agreement. The permanent dipole moment, of the investigated 37 electronic states, have been calculated in the present work for the first time along with the investigation of nine new electronic states that have not been observed yet.
Introduction
The remarkable interest in silicon nitride SiN reside in its important role in the stellar atmosphere and in many properties such as strength, hardness, chemical inertness, good resistance to corrosion, high thermal stability, and good dielectric properties (Katz, 1980) . In literature many spectroscopic investigations have been focused on the ground and the first excited states where some spectroscopic constants have been obtained (Linton, 1975 , Bredohl et al., 1976 , Saito et al., 1983 , Foster, 1984 , Foster et al., 1985 , Yamada & Hirota, 1985 , Yamada et al., 1988 , Foster, 1989 , Elhanine et al., 1992 , Ito et al., 1993 , Naulin et al., 1993 .
In contrast, fragmented data on the molecular ion SiN + have been published in literature. By using an ab initio calculation (MRD-CI), Bruna et al. (1980) found that the ground state is X 3 Σ -for this cation. By using the second-order Möller-Plesset perturbation theory, Goldberg et al. (1994) Bruna et al. (1980) . Recently, Liu et al. (2016) investigated the low-lying 10 electronic states with spin orbit interaction of the SiN + molecular ion by using MRCI+Q calculation. By using a high-level ab initio MRCI+Q calculation, we investigate in the present work, the potential energy curves (PEC's) for 37 singlet, triplet and quintet electronic states of the SiN + molecular ion up to 140000 cm -1 . The permanent dipole moment in terms of the internuclear distance R have been calculated for these electronic states along with the spectroscopic constants T e , R e , ω e and B e . The comparison of these results with those reported in the literature showed a very good agreement. Fourteen new electronic states are investigated here for the first time.
Method
The low-lying singlet, triplet and quintet electronic states of the molecular ion SiN + have been investigated by using the Complete Active Space Self Consistent Field (CASSCF) procedure followed by a multireference configuration interaction (MRCI+Q with Davidson correction). The entire CASSCF configuration space was used as the reference in the MRCI calculations. The calculation has been done via the computational chemistry program MOLPRO (MOLPRO package) taking advantage of the graphical user interface GABEDIT (Allouche, 2011) . The silicon atom is treated as a system of 14 electrons by using the Ahlirchs-PVDZ;c basis set for s, p, and d functions. The 6 electrons of the carbon species are considered using the aug-cc-pVTZ;c basis set for s, p and d functions. Among the 20 electrons explicitly considered for SiN + molecule 6 valence electrons were explicitly treated, corresponding to 15 active orbitals. Being an heteronuclear diatomic molecule, SiN + is of C ∞v point group symmetry; however, MOLPRO software can only make use of Abelian point groups which means that C ∞v will be treated using the subgroup C 2v point group placing the molecule along the + z-axis and keeping Si at the origin.
Results

Potential Energy Curves
The potential energy curves (PECs), in terms of the internuclear distance R, for the 36 singlet, triplet and quintet electronic states, in the representation 2s+1 Λ ± of the molecular ion SiN + were generated using the MRCI+Q for 101 internuclear distances. These curves are given in Figures 1-6.
The binding forces between the atoms of a molecule are the main origin of the physical properties of this molecule. The magnitude of these force are functions of the internuclear distance and they are either attractive or repulsive. The depth of a potential energy curve indicates the strength of the bond in order that the deepest potential energy curve belongs to the more stable molecule. From the drawn potential energy curves, in figures 1-6 for the molecular ion SiN + , one can notice the deep potential wells for the low triplet and singlet electronic states and shallower wells for the higher excited electronic states. While most of the potential energy curves of the quintet electronic states are shallow. From the 37 investigated electronic states 26 are bounded while the other electronic states are unbound. For these states when the electronic clouds surrounding the two atoms start to overlap, the energy of the system increases abruptly in order that one repulses each other according to Pauli principle. Moreover, some crossings and avoided crossings have been obtained between the potential energy curves in Figures 1-6 . Two potential energy curves belonging to states of different symmetry they cross each other where their wavefunctions remain unperturbed and they are the adiabatic solutions of the Schrödinger equation, while the solution becomes diabatic if these wavefunctions have the same symmetry. But by linear combinations of the diabatic wavefunctions, where the variation method is used to solve for the coefficients, one can have the adiabatic solution for these states. In this case the wave functions will mix with each other where no longer cross and the crossing become avoided. 
Spectroscopic Constants
For the investigated bound electronic states of the molecular ion SiN + the transition energy with respect to the energy minimum for the ground state T e , the equilibrium internuclear distance R e , the harmonic frequency ω e and the rotational constant B e have been calculated by fitting the calculated energy values of the different investigated electronic states into a polynomial in terms of R around the internuclear distance at equilibrium R e . These values along with those given in literature are given in Table 1 . The comparison of our calculated values of T e with those given by (Liu et al., 2016) shoes the good agreement for the investigated electronic states except for the three electronic states (1) 3 Π, (1) 1 Φ where our values are systematically smaller than those of (Liu et al., 2016) . Concerning the investigated values of ω e , there is a good agreement with those given in literature for T e <33000 cm -1 , this agreement becomes less or deteriorate for some electronic states by comparison with those given by (Liu et al., 2016) . The spectroscopic constants have not been calculated for the unbound electronic states and those where there is crossing or avoiding crossing near their minima of the potential energy curves R e .
Permanent Dipole Moment.
The investigation of the dipole moment of a molecule is very useful in the study of the strength of the long range dipole-dipole forces and the understanding of the macroscopic properties of imperfect gases. From its calculation in terms of the internuclear distance, we can study the mobility of electrons through a polar gas. In the present work we place the silicon atom at the origin and the nitrogen atom along the positive direction of the internuclear axis. The investigated values of the dipole moment μ vary, in the region of calculation, between 1.44Å≤R≤4.14Å and 3.0 a.u.≤µ≤5.0 a.u. for the singlet, triplet and quintet electronic states. At large internuclear distances, the dipole moment curves, of the singlet and triplet investigated electronic states, increase in absolute value in the negative region which is theoretically the correct behavior for a molecular ion. While for the quintet electronic state, one part tends in the positive region and the other part in the negative region. However, this behavior points out polarized states that dissociate into ionic fragments. An avoided crossing between the potential energy curves of two electronic states of the same symmetry is the origin of the abrupt gradient change of the DMCs. Vol. 8, No. 4; 2016 7 For the considered electronic states of the molecular ion SiN + a reversed polarity of the corresponding atoms takes place at each avoided crossing region as indicated from the sharp change in the slopes of the DMCs of the states at which the dipole moment changes its gradient sign. There is no comparison of these investigated values of the dipole moments since they are calculated here for the first time. The variation of the dipole moment curves, in terms of the internuclear distance R, for singlet, triplet and quintet electronic states on SiN 
Conclusion
The static dipole moment and the potential energy curves of 37 singlet, triplet and quintet electronic states of the molecule ion SiN + have been investigated by using a high precision level ab initio MRCI+Q calculation with Davidson correction. The spectroscopic constants T e , R e , ω e and B e have been calculated for the bounded states up to to 140000 cm -1 . The comparison of these calculated values with those given in literature shows an overall good agreement. At large internuclear distances, the dipole moment curves, of the singlet and triplet investigated electronic states, increase in absolute value in the negative region while for the quintet electronic state, one part tends in the positive region and the other part in the negative one. All these dipole moment curves along with nine electronic states have been studied in the present work for the first time. These new results may stimulate more investigation of experimental work on this molecular ion SiN + . www.ccsenet.org/apr Applied Physics Research Vol. 8, No. 4; 2016 
